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Chapter 1

THE NATURE OF FALLOUT

1.1 Background

On the 16th day of August {n 1945 the first nuclear explosion, Shot Trinity,
was detonated at Alamagordo, New Mexicu, The nuclear device was mounted on
a tower at a height of about 100 feet and the energy of the explosion was equiva-
lent to that of 19,000 tons of TNT. The explosion, as all nuclear explosions,
produced radioactive materiales the! vombliied with cther materinls engulfed by
the forces of the oxplosion. The product of the combination has been given the
name f{allout, '

From most nuclear exploajons, fallout is in the physical form of particles,
After Shot Trinity some of these particles deposited on pastures and on the
backs of cows at some distance from the point of detonation, and the nuclear
radiations {rom the particles caused burn-like Injuries on the cows' backs.
Other than this the exposure had no ostensible influence on the life of the
animals or their offapring.

The incldent, however, initinted inierest and concern among some
sclientists and engineers. Both the {ate of radioactive substances produced in
nuclear explosions and the biological consequences of their interaction with
living matter came under study.

In Operation Crossroads, in 1046, ships exposed 10 the effects of an
underwater nuclear detonation, were found to be contaminated with radieactive
substances, and military-~ospecially Navy--{ntorest in the fallout phonomenon
was aroused, The results of that test initiated the recogmition of fallout an one
of the primary phenomena of nuclear explosions and one that could have a
profound {nfluence on military operations using nuclear weapons,

The rocognition and nooceptance of the implications of fallout on military
Spevalions, howsver, was at first limited to n rather small group of sofentinin,
engineers, and milftary people. Additional evidence and data on fallout were
obtained in subsequent teats, espocially {n Operations Greenhouse and Puster-
Jangle in 1951 and in Upshot-Knothole in 1033. But it was not until the
detonation of Shot Bravo in Opoeration Castle in 1054 that general recognition of
the fallout phenomenon wns established.
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Two of the hetter-known Incidents that influencod (or forced) sich recog-
nition were tho exposure of the Marshnll Islnndors on the Rongelap Atoll nnd of
the Japanese fishermon in their bont at mon to the radintions from fnllout. Rut
even after tho Bhol Bravo experience thero romainod n fow who wantod to
hollievo that n "fluke' had ocourred nnd that fnllout was not of military
significance,

Now, several yenrs and mnany teat detonations lator, thore are no remain-
ing doubits about the production of fallout {n nuclear uxplosions, Prosent
atudies are directed to quantitative evaluntions of the degree to which fatlout is
signifioant in the milltary applications of nucloar explosives, Thus it {8 no
longer of intorest simply to note that radioactive atoms are produced in nuclear
oexplosionn. The problem ia to determine the uantity of the radionciive aioms
produced, what physical processes they nre mubjected to, where they go, and
how their disposition may nffect the oporaticns and the lives of people,

Because (allout contains radionctive ntoms, and because radionctive atoms
omit nuclear radiations that can cnuse damnge in the cells of lving tissues, tae
presence of fallout in the environment 18 usunlly equated with n potential radio-
logical hazard o lving matter, The core of the present-day interest in fallout,
therefore, consists of cvaluating the biologienl consequences to humans, animals,
and plants of the exposure to nuclear radintions from fallout.

The degree and nature of porsible expoaures of living matter o nuclear
radiation depend upon mnny physical parameters and these begin with the
~ Inftial production of the fallout in n nuclear explosion. The nature of the
exposure {s more fundamentally connccted with physical processnes than {8 the
degroe of the exposure. In terims of degree, it in known that possible radintion
oxposures would bhe highest, und therefore the hiological consequences most
gevere, for nuclear explosivea umed in n large-senle war, ‘This dogree of
exposure is of concern to many,

Aftor the fallout s in an environmoent, the dogree of this radiologicenl
haeard can bo monsurod. But the kind an:d amount of harard In n nuelonr war
gituntion, nt least bofore the fuct, cannot he evaluntod without 1 reassnably
detailed dorcription of the history of the radioactive ntoms produced in nuclonr
oxModions. Buch n history, to he umoful, must revenl the ennontin! dotziln of the
phyaical procesmos {n which the radion2tive ntomn participnte, from the instant
they are formed up to nny donsired Inter timo,

The mnjor purpose of this report, therefore, is to outline and disouss
these physical procosses and the important parametors on which they depend.
The data, data annlyses, data correlation schemes, and discussions prosoentoed
here are orgnnized to emphaaize hasic principles so that an appropriate
mothodology can he applied in evalunting the radiologicr! consequoncos of
nuclenr war,

o



1.2 A Qeneral Dosgription of Fallout

An explosion of aiiy kind, dotonated near the surfnoe of the vnrth, onunes
material to ho thrown up or drawn into n ohimney of hot rising gnson and raimed
aloft, In a nuolear exploaion, two Important provesses ocour: (1) radionctive
eloments, which are produced and vaporized in the process, condenre into or
on this muterial; and (2) a large amount of non-rudionolive mautorinl, rises
thousands of feet into the air hefore the small particloa beygin to fall buck, This
permits thy winds to sontler them over large arons of tho earth's surfnce. Thus,
when the purticles reach the surfnce of the earth they are far {rom thelr place
of origii and contain, within or on their surface, radlonctive clements, Whethor
thay nre nolid particles produced from ani! minerals, or lquid (snit-containing)
partioles produced from aen water, they are enlled fnllout,

The composition of [allout can be doscribed In terme of two or three
componentz, One is the Innctive carrier; this consaists of the environmentnl
materinl at the location of the detonation and 18 tho maujor component tn n npnr-
surface rlotonation, The sccond component includes all the radionetive elomenta
in the fallout,

These radionctive elements can be subclassified Into two groups hy
source. The {irst group contains the fiasjon-product elemoents that nre produced
In the fission process that initintes the oxplosion. The second group consiate
of the elements produced by the capture of neutrons released in both fission
" and fusion, The kinds and amounta of these neutron-induced radionctive
elomonta in the fallout differ from one detonation to another depending upon the
type of weapon umed und the chomieal clomonts in the environment at the point
of detonation,

QOocastonally, n third fallout component group {s consldered, This
conaints of tho bomb's atructural matorinls and is 0 major component In alr-
burast fallout,

Tho word fallout s cocasionaily proecede:! by "ologo-in'' {or "loenl") and
"long~range’ (or "world-wide'), Thomo terms have nover boon prooisely defined
except for operationnl purposen, The torms (imply some arbitrary difforentin.
tion of the fallout, or the radionctivity, on the basia of distunco from the point
of detonntion or time required for tho matorinl to fall to the enrth's surface,
However, ne is disounsed in the following chupters, the grudun! changos in tho
properties of tho {nllout with distanoe mnke precise definition of theso tormna
impossible, excopt for the extremes of ench fnllout olnasifioation, Therefors,
except for these oxireme casos, these desoriptions are not used further aa
definitive torma in discuasing the nature nnd proporties of fallout,



